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Introduction
Measures of affordability are applied in practice and discussed as indicators for deprivation in different domains of consumption. Examples include the assessment of 'fuel poverty' in the United Kingdom (UK) (Boardman, 2012; Liddell et al., 2012) , affordability of water (García-Valiñas et al., 2010; Gawel et al., 2013) , and housing (Bourassa, 1996; Hancock, 1993) .
Affordability measures are a distinct form of poverty measure that focus on a specific domain in consumption, mostly the consumption of necessities. Many affordability measures are defined on the basis of disposable household income and expenditure and thereby assume the notion of a bivariate poverty measure. The measures often allow the assessment of a 'poverty gap' (or a weighted poverty gap) and are decomposable based on methods such as the one proposed by Foster, Greer and Thorbecke (1984) .
The role of affordability measures in poverty research and their practical use for policymaking is disputed. The practice of assessing fuel poverty in the UK based on affordability measures is criticized for lacking scientific foundation (Healy, 2004) , and the existing literature on the issue seems to have little overlap with the general literature on poverty.
Despite this criticism, poverty in certain domains of consumption (e.g. energy and housing) has caught the attention of policymakers and the general public. The reasons for this trend are the persistent and partly growing inequality in Europe and beyond (OECD, 2011) or the pronounced (partly temporary) increases in prices for certain goods. While affordability measures are not the only way to assess deprivation in a specific domain of consumption, they represent a (seemingly) transparent and straightforward way to inform about the problem.
Naturally, any definition of affordability should rest upon a rigorous empirical assessment of deprivation in the relevant domains. Well established methods for such an assessment exist (Halleröd, 2006) . Given a consensus on which aspects of deprivation in consumption need to be represented, it should be possible to define a meaningful poverty line based on a proper empirical foundation. Most of the literature on fuel poverty or energy poverty in developed countries focuses precisely on this 'static' aspect of affordability, raising the question of how to define deprivation in energy consumption.
The surprisingly large body of literature on the issue neglects one important aspect: the question of how affordability measures respond to changes in underlying variables, such as income or expenditure. The 'dynamic perspective' of poverty is well developed for univariate aggregated poverty measures (Kakwani, 1980; Sen, 1976; Zheng, 1997) . However, the relevant axioms cannot be directly adapted to affordability measures due to the measures' bivariate nature. It is nevertheless necessary to translate the spirit if not the letter of the axioms of poverty measurement to those of affordability measures to assess their fundamental dynamic properties. In the absence of reasonable dynamic properties, affordability measures would be of little use, whether in the domain of energy consumption or in any other domain.
The aim of this paper is to establish certain conditions to emulate the role of axioms of aggregated poverty measures for affordability measures. Section 2 presents a brief literature review with a strong focus on the discussion on fuel poverty or energy poverty in developed countries since affordability measures are applied to these domains in practice. The next section discusses the relevant normative requirements in a dynamic perspective. Against the backdrop of well-established axioms in univariate aggregate poverty measurement, two propositions are made of how affordability measures should behave in the dynamic perspective. The proposed requirements are tested with a simulation using household data on income and energy expenditure from Germany under consideration of several scenarios and different affordability measures. The two scenarios that are of primary interest examine the cases of a) an increase in expenditure for energy services with implicit ex-post redistribution, and b) increasing income inequality in society. Our results show that some affordability measures (including some that are applied in practice) have counter-intuitive dynamic properties.
Methods

Literature on Energy and Fuel Poverty Measures
The literature on fuel poverty or energy poverty pivots around two branches of measurement techniques. Consensual measures take a number of variables related to household energy efficiency and energy affordability into account to derive a measure of energy-related deprivation. This approach was first applied by Healy (2004) . A more recent pan-European study using consensual measures was presented by Snell and Thomson (2013) . Consensual measures depict energy poverty as an interplay between low income and poor residential energy efficiency. That is, consensual measures take aspects of affordability into account, such as the ability to keep the home adequately warm or to make ends meet, along with aspects of energy efficiency, such as leaking roofs or damp walls. This effectively is a combination of both subjective (e.g. ability to keep the home warm) and objective (e.g. leaking roof or damp walls) indicators of energy-related deprivation.
The second family of measures are affordability measures. These focus on expenditure on energy services and disposable household income. An abundance of various definitions of affordability measures exist. The most well-known energy affordability measure is probably Brenda Boardman's Ten Percent Rule (TPR) (1991). The TPR was long used as the official measure of fuel poverty in the UK (Department of Energy and Climate Change, 2013), and similar measures are used to assess affordability of water (Gawel et al., 2013) . The TPR defines a household as fuel poor if it needs to spend ten percent or more of its disposable income on all energy services. The TPR is criticized for lacking scientific foundation and international comparability (Healy, 2004, p. 35) , and several alternatives to measure energy poverty have been suggested. Boardman's TPR approximated two-times median expenditure in earlier work by Isherwood and Hancock (1979) . Further definitions of energy poverty based on median expenditure are discussed in the literature (Liddell et al., 2012, p. 27-29) . Moore (2012) , for example, compares the incidence of fuel poverty in the UK over time, inter alia by using a two times median expenditure share indicator (2M). Households are defined as energy poor by 2M if the expenditure share on all energy services exceeds twice the median expenditure share of the overall population.
In a report commissioned in the UK by the Department of Energy and Climate Change, John Hills presented the Low Income/High Cost indicator (LIHC) as an alternative to the TPR. The LIHC defines a household as energy poor if its expenditure on all energy services is above the median expenditure of all households and when the household falls below the official income poverty line after all expenditure on energy services (Hills, 2012 (Hills, , 2011 . As proposed in Moore (2012) , definitions of energy poverty could also be based on a Minimum Income Standard (MIS). A household is defined as energy poor if disposable income after expenditure on all energy services falls below the minimum income standard. Minimum income standards or budget standards exist e.g. in Australia (Saunders, 2004 (Saunders, , 1999 and have also been put forward for the UK (Bradshaw et al., 2008) . In Germany, basic income under the social security scheme (SGBII rates) is determined by a minimum income standard that reflects the average expenditure on several groups of goods of low-income households.
To the best of our knowledge, no contribution has to date been made to the literature on the dynamic properties of affordability measures. Moore (2012) briefly discusses the issue by comparing TPR and 2M in the context of fuel poverty in the UK. He concludes that "the current 10% of income definition can also exaggerate the impact of fuel prices. […] " (Moore, 2012, p. 22 ). Moore's statement of the exaggerated impact of price changes under TPR is derived from a comparison to 2M. However, as it is unclear whether 2M has desirable dynamic properties, Moore's argument is weak.
There are well established axioms for (dynamic) measurement of income poverty. Seminal contributions have been made by Sen (1976) and Kakwani (1980) . Foster et al. (1984) have made an important contribution with respect to techniques for poverty measurement. A comprehensive comparison of existing (income) poverty measures was presented by Zheng (1997) . While affordability measures are usually dependent on two variables, namely disposable income and expenditure on a good or a group of goods, standard poverty measures are only dependent on income. Consequently, the widely accepted core axioms on (income) poverty measurement cannot necessarily be generalized to cover those of affordability measures or measures of energy poverty. Yet at least the considerations underlying poverty axioms can be transferred to the case of affordability measures.
Dynamic Properties of Affordability Measures
This paper examines how affordability measures behave under a variation of key parameters, such as income and expenditure. We focus on the case of energy poverty as a large body of literature referring to affordability already exists and the issue has been gaining attention across Europe. However, before proceeding to the simulation of these issues, some guiding theoretical considerations seem in order. A few well-known indicators (or their standard interpretations) stand in a problematic relationship with the conditions postulated as axioms in the literature on poverty measurement, or they violate requirements that appear as plausible as these axioms. It stands to reason that measures of poverty should be plausible under a variation of income or expenditure in a society, and the same holds true for indicators of energy poverty. Indicators that fail this test should be discarded or modified. Dynamic simulations will help identify respective shortcomings and determine whether modified indicators perform better. It is undisputable that poverty measures and energy poverty indicators should also satisfy certain ethical requirements, which can be derived from theories of distributive (or social) justice.
1 However, we assume that ethical requirements might be more controversial than plausibility checks, and should be considered a second filter for poverty indicators after basic plausibility requirements have been met. We will therefore focus on the latter here.
1 See, e.g., Blackorby and Donaldson (1980) , Papadopoulos and Tsakoglou (2008) , Pogge (2007) .
Which indicators will be discussed? Energy poverty is commonly understood as the nonavailability of adequate energy services, either due to a lack of access to energy or its nonaffordability. In developed OECD economies, which we focus on in this paper, physical nonavailability is rare, except as result of an inability to pay. Hence, economic reasons for energy poverty stand at the forefront here. Three concepts for the construction of affordability indicators with respect to energy services emerge from the literature. The first concept focuses on an appropriate cost share of energy services in the consumption budget of a household, or more simply put, its income. The second one looks at the appropriateness of energy expenditure as such. In the last concept, energy poverty, or non-affordability, is understood as a situation in which a household is pushed into income poverty because of its energy expenditure. Since these approaches differ conceptually, they can be represented by an 'indicator triangle' (see Figure 1 ). with respect to quantitative measures of energy poverty. One problem seems to arise because the TPR does not postulate an income limit, but the three 'I' can also be linked to an expenditure share limit. There are good reasons for this, because each 'I' stands for a key concern of social policy. We need a head count of the poor, information about the depth of poverty and about the extent to which some people are worse off than others in order to design policies that prioritize support for those who are worse off. Priority for the worse off is a widely accepted demand in modern social ethics, and it is therefore reasonable for such policies to also be sought for energy poverty.
Does it follow that the axioms for poverty measures, which encapsulate the outlined requirements, should also apply to measures of energy poverty? A number of axioms for poverty measures have been postulated, but there is no consensus on a valid set of axioms. Zheng (1997) differentiates between core axioms and more peripheral or derivative ones. However, the extent to which Zheng's classification is accepted is unclear. Moreover, existing sets of axioms seem to not exhaust the relevant plausibility conditions for poverty measurement. We will add some conditions here that may be in line with the spirit of certain axioms but are not covered by their formulation. In this somewhat unsettled situation, an axiom for an axiom discussion of energy poverty indicators does not seem advisable. We will therefore focus instead on specific indicators of energy poverty and their failure to meet particular plausibility conditions. As we will demonstrate for the well-known TPR, MIS, and LIHC indicators, such failures occur and the respective indicators (or their interpretations) need to be modified or abandoned.
TPR is closely associated with the research of Brenda Boardman. When Boardman (1991) conceived TPR based on 1988 data, the threshold simultaneously represented the average share of energy expenditure of the lowest 30 percent of incomes and double the median overall share of energy expenditure in the UK. These two characteristics need not coincide, and have in fact diverged since 1988. As an indicator of energy poverty, the TPR has normative import. Hence, the question arises which characteristic is better suited for normative interpretation. The standard claim is that the double median characteristic is that with normative import, because Isherwood and Hancock (1979) In point of fact, however, the British government may have been wise to not comply with this suggestion. The normative reasons for a double median share indicator of energy poverty are very tenuous, and this indicator thus seems arbitrary. It would, for instance, be just as good to refer to traditional criteria of just pricing in the debate on energy poverty and energy prices.
The threshold for excess expenditure would then be 1.5 median share rather than double the median share. 5 However, this discussion seems moot because neither the double median share threshold nor a limit derived from the theory of just pricing satisfies the basic plausibility requirement for poverty indicators, which we call:
Position Invariant Burdening (PIB):
If the relative position of all persons in the distribution of income remains the same and all incomes are reduced by a positive amount, then the poverty measure should not decrease.
The idea behind this approach is that a decrease in a society's real incomes should not be reflected in a concordant decrease of a poverty measure if the relative positions of all people remain constant. Otherwise, very poor societies might have smaller poverty rates than very rich societies with the same population and form of income distribution (i.e., same inequality). 6 Standard relative poverty lines reflect this requirement. Reducing real incomes without adapting income distribution raises the poverty head count for the 60 percent median income poverty line. Surprisingly, however, none of the axioms of poverty measurement discussed by Zheng seems to require the observance of PIB. We nevertheless accept that requirement.
Under this premise, a simple statistical consideration reveals a deficiency of the double median share indicator for energy poverty (and all related double median indicators). Shifting a statistical distribution to the right by a positive constant c shifts the distribution's median for the same amount to + . This is also true for the shifted double median value 2 + , but not for the new double median. The new double median is 2( + ) and thus further to the right than the translated old median. Hence, less of the distribution's probability mass is in the tail beyond the new double median than was beyond the original double median. If the distribution in question is one of energy expenditure shares and the double median share is a threshold of energy poverty, it follows that fewer households (or people) are energy poor than
before. Yet the addition of a constant reflects a position invariant increase in the energy expenditure for all households. For a uniform distribution of incomes, this amounts to a lumpsum increase in energy spending for all. For other distributions, the rise in expenditure will be positive for all but not equal in size. In any case, the double median share indicator suggests that a rise in energy expenditure for all, which does not affect the relative position of persons or the form of expenditure share distribution, will ceteris paribus lead to a reduction in energy poverty. This is obviously implausible. Rising real costs or shrinking real incomes for all should not result in lower recorded levels of poverty given that the relative positions of all persons remain the same.
It might be argued that this requirement follows from the notion of Amartya Sen's monotonicity axiom for poverty measures, which gives formal shape to the plausible assumption that less money for the poor will increase poverty. Sen (1976) . The axiom is presented in Zheng's formulation (1997, p. 131) . 8 The focus axiom, which asserts that a poverty measurement should be independent of the income distribution of the non-poor, seems to suggest this (Zheng, 1997, p. 130 Another prominent indicator of energy poverty is the LIHC indicator proposed by Hills (2012 Hills ( , 2011 . This indicator has replaced the TPR as the official English target value in the fight against energy poverty. LIHC has the advantage of more directly representing the idea of energy poverty as poverty caused by excessive expenditure for adequate energy services than the TPR. However, it is debatable whether the threshold for excessive expenditure should be the overall median of energy expenditure. Surely, as Hills argues, low income households appear overburdened if they have to spend more than the overall median on energy. Yet this does not justify setting the threshold at the median expenditure because households with less expenditure might already be overburdened. Moreover, the LIHC indicator is also incompatible with plausible demands of poverty measurement.
It should be possible for wealthy households to become poor by reducing their income (ignoring additional wealth for now). Nobody is so rich as to not become poor by being deprived of a sufficient amount of money. We call this the 'impoverishment axiom':
Impoverishment (IMP):
For all particular incomes > there is a decrement > 0 so that − < R and − ∈ R with ∈ .
It seems plausible that IMP also holds for energy poverty. There should be an amount of energy expenditure and income, or share of energy expenditure relative to income, at which any person or household becomes energy poor. Certainly, having to spend all income for adequate energy services will make a household (ceteris paribus) energy poor. Yet the LIHC indicator does not reflect this consideration. A household whose income shrinks so that expenditure for adequate energy services finally approaches total income will not be energy poor according to the LIHC indicator as long as its energy expenditure remains lower than the overall median. Hence, the LIHC indicator will fail to adequately represent energy poverty that is caused by an insufficient growth of real incomes (or even shrinking real incomes)
relative to a significant growth of energy costs -hardly a merely academic possibility.
The LIHC indicator can be modified to avoid or mitigate this problem. One option we investigate is using an expenditure share threshold instead of an expenditure threshold as a first condition in the LIHC framework. Independently of this step, a lowering of the LIHC median threshold will be analyzed to gain a better understanding of the indicator's behavior under changing circumstances.
The last indicator to be discussed is MIS. MIS appears closest to a straightforward income poverty line approach to poverty. For this reason, MIS possesses none of the axiomatic shortcomings of TPR and LIHC. It does not follow, however, that MIS is therefore the only indicator deserving serious consideration. We have already signaled that modifications of the TPR and LIHC might help circumvent their conceptual shortcomings or interpretations.
Moreover, MIS shares a disputable characteristic of LIHC: it is insensitive to changes in the income share of energy expenditure. Consider two households slightly below the poverty line.
The income of the first is lower than the other's. Yet both have the same resulting position below the poverty line due to different amounts of adequate energy expenditure. It seems that the ex-ante richer household is relatively worse off and relatively poorer than the ex-ante poorer household, because it is less able to afford the ordinary lifestyle of its peers (its assumed reference group in terms of income). Hence, it may be in order to retain an expenditure share indicator such as the TPR to document shifts in expenditure shares, in particular for the lower income deciles for which it is not unreasonable to fear that adequate energy costs might push them into poverty.
Simulation of Dynamic Behavior: Data and Scenario Description
Data Description
Data from the German Socio-Economic Panel (SOEP) are used to assess finite dynamic properties of several energy poverty measures. 10 Data on disposable household income after taxes and benefits and expenditure on energy (space heating, water heating and electricity) at the household level are used for the simulation. Data are available for 8,507 households in Germany in 2010. Equivalized income (based on the 'new' OECD scale) is calculated to obtain a proxy for household income relative to household size (Kohn and Missong, 2003) , which is needed to obtain some of the affordability measures. SOEP data were previously used to assess the incidence of income poverty (BMAS, 2013) and energy poverty in Germany (Heindl, 2013) . Descriptive statistics are presented in Table 1 . 
Scenarios for Simulation and Considered Poverty Measures
Four scenarios are considered in the simulation of dynamic properties of energy poverty Table 2 summarizes the technical details of the applied measures.
Evaluation Criteria
Two criteria, as discussed in Section 2.2, are used to evaluate the simulation results. The first criterion is Position Invariant Burdening (PIB). It is related to Sen's monotonicity axiom (Sen, 1976) . PIB requires energy poverty measures to increase monotonically as expenditure on energy services rises (all other things equal). As changes in energy prices often show systematic patterns, PIB is relevant for cases in which overall expenditure on energy services changes for all households (or a sufficiently large number of households). In practice, such situations could be oil price shocks or changes in energy prices due to taxation.
The second criterion is Impoverishment (IMP). If the income of all households were insufficient to cover the expenses of adequate energy services, it could be said that all households are subject to energy poverty. Thus, it is straightforward to expect energy poverty measures to increase as the population's income decreases, all other things equal. This proviso must hold for the case when income falls systematically (e.g. as a result of economic shocks causing increased income inequality) and when one household's income decreases. In other words, it must be possible to 'impoverish' a household by decreasing its disposable income. Energy poor if disposable income after expenditure on all energy services is equal or less than the minimum income standard (MIS).
German minimum income under basic social security (SGBIIrates) are used as MIS (see Heindl, 2013) .
Quantile indicator (QI) Energy poor if the expenditure share exceeds ' -times some upper quantile of energy expenditure' (with < 1) relative to income.
For the simulation, the 9 th decile of energy expenditure relative to income was chosen and multiplied by the parameter 0.86, so to be approximately equal to the value of TPR in the original situation.
Income Poverty (RPL) Energy poor if household falls below the (relative) income poverty line (RPL) after all expenditure on energy services.
Simulation Results
Results for Key Measures
We first focus on the simulation results for the most prominent measures, either already being applied in practice or discussed in the literature, namely the ten percent rule (TPR), the two times median expenditure share indicator (2M), the 'standard' low-income high cost indicator (LIHC), and the minimum income standard (MIS). The simulation results are depicted in Figure 2 .
Position Invariant Burdening (PIB)
For the case of a (regressive) percentage increase in energy expenditure (Scenario A), the TPR, LIHC, and MIS indicators are responsive and satisfy the requirements of PIB. In contrast, the 2M remains unchanged as energy expenditure is increased for all households.
The case of a non-regressive (weighted) increase of the households' energy expenditure (Scenario B) is of particular interest. In this scenario, increases in energy expenditure are weighted so that they satisfy the principle of equal (monetary) sacrifices. The share of expenditure on all energy services relative to income is equal for all deciles of the income distribution in this scenario. This simulates the case of a progressive carbon tax. In this scenario, the TPR and MIS respond to the absolute increase in energy expenditure (given constant relative burdens across the income distribution) and satisfy PIB. In contrast, the 2M and LIHC decrease, even though expenditure for energy services increases for all households in absolute terms. The reason for this counter-intuitive result is that an adjustment of burdens changes the distribution of energy costs across households (with wealthier households carrying larger absolute burdens), while the relative position of all households in the distribution remains unchanged. As both measures define energy poverty based on the median of the expenditure distribution, the measures are unable to capture the dynamics of energy poverty if there is redistribution in favor of the poor, but not as much as to alter their relative positions on the income scale.
Impoverishment (IMP)
IMP requires that it must be possible to push a household into energy poverty by decreasing its disposable income. For the case of stepwise percentage decreases of all incomes across the income distribution (Scenario C), the TPR, the LIHC, and the MIS increase to their maximum levels. The 2M remains unchanged when all incomes are decreased. IMP is impossible given the 2M definition because the overall distribution of energy expenditure remains unchanged in this scenario. Therefore, the indicator does not change until it collapses, when all incomes approach the assumed minimum of 1 euro.
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A case of particular interest is when income inequality is increased (Scenario D). This is modelled by successively decreasing the incomes in the lowest three income brackets while leaving the overall expenditure on energy services unchanged. The TPR, the 2M, and the MIS respond to the increase in income inequality and the corresponding increase in relative burdens of the cost for energy services. In contrast, the LIHC shows a weak response to the increase in income inequality. The LIHC slightly increases when the income of the poor decreases up to 30 percent, but the indicator remains unchanged when incomes are further decreased. Therefore, the LIHC does not satisfy the proviso of IMP. The LIHC's weak response is attributable to the first condition of the measure stating that energy poverty depends on the median of energy expenditure in the overall population. Because a household will never qualify as energy poor if its expenditure on energy services does not exceed the median expenditure, 50 percent of households will not satisfy IMP. This is of particular relevance for low-income households in which the average energy expenditure is lower in comparison with wealthier households because of positive income elasticities of energy demand (Karimu and Brännlund, 2013; Narayan et al., 2007) and possible pre-existing deprivation.
Results for Alternative Indicators
Overall, the TPR and MIS satisfy PIB and IMP in all of the considered scenarios. The 2M and LIHC violate both propositions in some of the scenarios. Modified versions of the LIHC and the 2M are tested for compatibility with PIB and IMP. An alternative to the (fixed) income poverty line of the MIS will also be considered. The simulation results for alternative measures are depicted in Figure 3 .
Alternatives to LIHC
Alternatives to the LIHC pivot around a modified first condition of the measure, i.e. the condition of 'expenditure above median'. As an alternative, the first condition could be defined as requiring a household to spend at least percent of its disposable income on all energy services. It is straightforward to include the TPR (or any other expenditure share) as a 11 The least income was chosen to equal 1 euro to avoid issues of division by zero.
first condition here (LIHCt). The LIHCt definition is compatible with PIB and IMP in all of the considered scenarios. However, as the LIHCt is stricter than the TPR alone, the overall figures on energy poverty are lower for the LIHCt than for TPR alone, except in the case of decreased incomes where the LIHCt and TPR approach their maximum of 30 percent (as required by IMP).
Instead of using the median expenditure of the overall sample, the median expenditure of the lower three income brackets could be used as a first condition (LIHCm30) to give priority to the economic situation of the poor. The rationale for this choice is that low-income households are particularly vulnerable to increased prices of necessities. The LIHCm30 definition is compatible with PIB and IMP in all scenarios with the exception of increased inequality of the poor (Scenario D), where it violates both propositions.
Alternatives to 2M
As an alternative to 2M, the definition of ' -times some upper quantile of energy expenditure' (with < 1) relative to income was discussed in Section 2. 
Alternatives to MIS
The MIS definition as used in this paper relies on a household-specific absolute income poverty line. The income poverty line is chosen to represent allowances under the basic social security scheme in Germany (SGBII rates). The absolute income poverty line is treated as exogenous in the simulation. A potential alternative to the MIS definition would be to use a definition of relative income poverty, such as the widely accepted poverty line of 60 percent median income (RPL). The RPL was applied so that it is endogenous and based on equivalized household income. A household is defined as energy poor if its disposable income falls below the relative income poverty line of 60 percent median income after all expenses for energy services. The simulation results show that RPL is compatible with PIB and IMP in all but one of the considered scenarios. In the case of increased income inequality, i.e. when the income of the lower three income brackets decreases, the RPL remains constant when incomes decrease by more than 40 percent. At first glance, this appears to be a violation of the PIB. However, the result hinges on the relative income poverty line. The relative income poverty line remains unchanged, as it ought to once the incomes of the lower three income brackets approach the minimum value in the simulation. Therefore, a violation of PIB is appropriate in the scenario setup in this specific situation.
Discussion
In general, the TPR, MIS, LIHCt, and RPL satisfy PIB and IMP, whereas the LIHC and 2M
violate one or both conditions in some scenarios (Table 3) empirical question how strongly an affordability measure needs to respond to changes in underlying variables in order to capture the changes in affordability or deprivation. This question, which is left for future research, needs to be answered for specific cases or types of goods and be based on empirical evidence.
Conclusions and Policy Implications
This paper investigates the dynamic behavior of energy affordability measures. Measures of affordability are used in practice or are proposed as policy instruments to assess the affordability of goods such as energy services, water, and housing. Affordability measures, by definition, are based on income and expenditure for specific goods, and thus define a poverty line based on multiple criteria and 'tacit weighting' (Alkire and Foster, 2011 (Sen, 1976) . PIB requires that a measure of non-affordability increases if the actual expenditure on the respective goods increases in society without a change in individual positions. Impoverishment (IMP) requires that it must be possible to push a household below the poverty line by decreasing the household's income below a certain threshold.
Based on a microsimulation approach, dynamic behavior of a number of affordability measures is examined. This includes the 'ten percent rule' (TPR), the 'low income/high cost measure' (LIHC), and the 'two times median expenditure share' (2M), which have been applied to assess fuel poverty in the UK (Department of Energy and Climate Change, 2013; Hills, 2012; Liddell et al., 2012; Moore, 2012) . Alternative definitions rely on an absolute poverty line in the sense of a 'minimum income standard' (MIS) (Bradshaw et al., 2008; Saunders, 2004 Saunders, , 1999 
